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(57) ABSTRACT

A belt unit including a steering mechanism employing a belt
auto alignment method includes a restricting portion config-
ured to enable a steering roller to rotate about a steering axis
line for correcting the deviation of the position of the belt in
the width-wise direction, while restricting the inclination of
the steering roller due to the rotation.

9 Claims, 9 Drawing Sheets




US 9,335,671 B2

Sheet 1 of 9

May 10, 2016

U.S. Patent

0€ [~

—A901

2801 MS_ /\8@ / el
M80L/ vy Ol1 W80l Wil ALl O

)
/ 101 h\ Bz0!

ez oct

—Ac0!

~
a0l

L



US 9,335,671 B2

Sheet 2 of 9

May 10, 2016

U.S. Patent

0€ 1~

cli

d

Q0O

\t xw& ow&

We0!1

)

1

A60!
)

1

5e;

e

\GmeS MuWS

M/01 o/0L _ N w01

ELL

mu neo > \@S O

A0}

N

T
or M [ ez

ez Ocl

W

¢'Old

~qcol

//

c0l



US 9,335,671 B2

Sheet 3 of 9

May 10, 2016

U.S. Patent

FIG.3




U.S. Patent May 10, 2016 Sheet 4 of 9 US 9,335,671 B2

FIG.4

21
23

o



U.S. Patent May 10, 2016 Sheet 5 of 9 US 9,335,671 B2




U.S. Patent May 10, 2016 Sheet 6 of 9 US 9,335,671 B2

FIG.6A FIG.6B

! !

/\\____ //\\__—
v ~101 Vv 1101

Y )
3 ! 3 3 ! 3
S / { {
= ( 5 = =

Y

Eﬂ
Ny
‘V

Y

Eﬂ
N

b WP,



U.S. Patent

May 10, 2016 Sheet 7 of 9

US 9,335,671 B2
FIG.7A
i s f‘
A — =Ty
} L




U.S. Patent May 10, 2016 Sheet 8 of 9 US 9,335,671 B2

FIG.8




U.S. Patent May 10, 2016 Sheet 9 of 9 US 9,335,671 B2

- Prior Art --




US 9,335,671 B2

1

BELT UNIT HAVING STEERING ROLLER TO
CORRECT POSITION OF BELT AND IMAGE
FORMING APPARATUS INCLUDING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a belt unit used in an image
forming apparatus such as a copying machine, a printer, and
a FAX machine employing an electrophotographic method or
an electrostatic recording method, and to an image forming
apparatus including the belt unit.

2. Description of the Related Art

In conventional image forming apparatuses employing an
electrophotographic method and the like, an endless belt
stretched between a plurality of support rollers, has been used
as an intermediate transfer member, a recording material
bearing member, or the like. A toner image is transferred from
aphotosensitive member onto the intermediate transfer mem-
ber. The recording material bearing member carries and con-
veys a recording material onto which the toner image is
transferred from the photosensitive member. Such a belt has a
problem of belt deviation where the drivingly rotated belt is
deviated in a direction toward any one of the end portions in
a width-wise direction depending on an accuracy of the outer
diameters of the rollers, an accuracy of alignment between the
rollers, or the like.

Japanese Patent Application Laid-Open No. H9-169449
discusses a configuration of detecting the belt deviation with
a sensor and controlling an inclination of a steering roller with
an actuator, as a unit for correcting the belt deviation. Japa-
nese Patent Application Laid-Open No. 2001-146335 dis-
cusses a configuration in which belt deviation restricting por-
tion members that engage with a rib formed on a back surface
of'abelt are disposed on both end portions of a support roller.
Japanese Translation of PCT Application No. 2001-520611
discusses a method of automatically aligning a belt with a
steering roller based on friction force balance (hereinafter,
referred to as “belt auto alignment method™), as a method of
controlling the belt deviation easily at low cost and with a
small number of components.

The configuration in Japanese Translation of PCT Appli-
cation No. 2001-520611 includes a steering mechanism as
illustrated in FI1G. 9 of the present application. More specifi-
cally, the steering mechanism includes a steering roller 90
that can rotate by being driven by the rotation of a belt and
both end members 91 that are disposed at both end portions of
the steering roller 90 and cannot be driven by the rotation of
the belt. The steering roller 90 is supported by a supporting
base 92 that can rotate in a direction indicated by an arrow S
about a steering shaft 93 disposed in a center portion. The
supporting base 92 is biased in a direction indicated by an
arrow P, by a tension applying unit 95 that is compressed by
apressure release cam 96. As a result, an outer circumference
surface of the steering roller 90 applies a tension to an inner
circumference surface of the belt (not illustrated).

The belt auto alignment method can achieve a simpler
configuration than the method of controlling the inclination
of'the steering roller with the sensor and the actuator, and can
achieve smaller degradation such as wearing of components
than the method in which the rib of the belt comes into contact
with the belt deviation restricting member. All things consid-
ered, the belt auto alignment method advantageously facili-
tates an attempt to reduce an apparatus cost.

When the belt unit is attached to or detached from the
apparatus main body of the image forming apparatus, the
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tension applied to the belt might be reduced. The steering
mechanism in the belt auto alignment method is inclined by
means of the movement force of the belt. Thus, the steering
roller is likely to incline when the tension applied to the belt
is reduced. When the belt unit is attached to or detached from
the apparatus main body in this state, the steering mechanism
might come into contact with another member in the appara-
tus main body such as a photosensitive member, and thus the
other member might be damaged by abrasion or the like.

In the steering mechanism in Japanese Translation of PCT
Application No. 2001-520611, springs 98 serving as a rota-
tion stopping unit for the steering mechanism are disposed at
both end portions of a steering roller 90 in an axial direction.
In this configuration, the tension applied to the belt might be
relatively low not only for attaching or detaching the belt unit
but also due to settings for image forming or for achieving a
configuration of separating a roller, which comes into contact
with the photosensitive member with a belt interposed in
between, from the photosensitive member. In such a case,
with the configuration in Japanese Translation of PCT Appli-
cation No. 2001-520611, the force of the springs 98 might be
relatively too strong and thus the belt auto alignment based on
friction force balance might become ineffective. On the other
hand, when the force of the springs 98 is set to be low, the
steering mechanism is likely to incline. Thus, as in the case
described above, when the belt unit is attached to or detached
from the apparatus main body, the steering roller might come
into contact with the photosensitive member and the like in
the apparatus main body and thus the photosensitive member
might be damaged by abrasion or the like.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a belt unit
includes an endless belt configured to be movably supported
by a plurality of support rollers, a steering roller included in
the plurality of support rollers and configured to correct a
position of the belt in a width-wise direction by being rotated
about a steering axis line crossing a rotary axis direction of the
steering roller and inclined, a supporting member configured
to support the steering roller in such a manner that the steering
roller is rotatable about the steering axis line, a frame config-
ured to support the supporting member, a pair of non-rotating
members disposed at both end portions of the steering roller
in the rotary axis direction, and configured to generate force
for rotating the steering roller about the steering axis line with
frictional force produced by friction on an inner circumfer-
ence surface ofthe belt, and a restricting portion configured to
enable the steering roller to incline by a maximum possible
amount for correcting the position of the belt in the width-
wise direction and to restrict inclination exceeding the maxi-
mum possible amount.

An image forming apparatus according to another aspect of
the present invention includes the belt unit according to the
above-described aspect, and a toner image forming unit con-
figured to form a toner image on the belt or on a recording
medium conveyed by the belt.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram of an image
forming apparatus.

FIG. 2 is a schematic configuration diagram of the image
forming apparatus in a separation mode.
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FIG. 3 is a perspective view of a steering mechanism.

FIG. 4 is a partially cutout enlarged perspective view of the
steering mechanism.

FIGS. 5A and 5B are perspective views of an end portion of
the steering mechanism.

FIGS. 6A and 6B are schematic diagrams illustrating over-
lapping widths between a belt and a sliding ring portion.

FIGS. 7A and 7B are diagrams of the steering mechanism
in FIG. 3 as viewed in a direction indicated by an arrow D.

FIG. 8 is an enlarged perspective view of a restricting
portion.

FIG. 9 is a perspective view of belt auto alignment accord-
ing to a conventional example.

DESCRIPTION OF THE EMBODIMENTS

A beltunit according to the present invention and an image
forming apparatus including the belt unit are described below
in detail with reference to the drawings.

1. Image Forming Apparatus

A first exemplary embodiment is described. FIG. 1 is a
schematic configuration view of an image forming apparatus
100 according to the present exemplary embodiment. The
image forming apparatus 100 is a tandem printer employing
an intermediate transfer method, and can form a full color
image through an electrophotographic method. The image
forming apparatus 100 forms an image on a recording
medium P such as a recording sheet in accordance with an
image signal transmitted from a computer or the like (not
illustrated).

The image forming apparatus 100 includes first to fourth
image forming units 109Y, 109M, 109C, and 109K as a plu-
rality of image forming units (stations). The first to the fourth
image forming units 109Y, 109M, 109C, and 109K each form
an image with toner of a corresponding one of colors of
yellow (Y), magenta (M), cyan (C), and black (K). In the
present exemplary embodiment, the image forming units
109Y, 109M, 109C, and 109K are substantially the same in
configuration and operation except for the toner color to be
used. Thus, the image forming units 109Y, 109M, 109C, and
109K are collectively described with the signs Y, M, C, and K
in the end indicating the color to be used omitted, when the
units need not to be distinguished from each other.

The image forming unit 109 serving as a toner image
forming unit, includes a drum-shaped (cylindrical) photosen-
sitive member (photosensitive drum) 103 as an image-bear-
ing member. The following process devices, which are com-
ponents of the image forming unit 109, are disposed around
the photosensitive member 103. First of all, a charging roller
104 serving as a roller-shaped charging member that is a
charging unit is disposed. Next, an exposing device 105 serv-
ing as an exposing unit is disposed. Next, a developing device
106 serving as a developing unit is disposed. Next, a primary
transfer roller 107 serving as a roller-shaped primary transfer
member that is a primary transfer unit is disposed. Next, a
photosensitive member cleaner 108 serving as a photosensi-
tive member cleaning unit is disposed.

A surface of the photosensitive member 103, rotating in a
direction indicated by an arrow X in the figure, is uniquely
charged by the charging roller 104. The charged surface of the
photosensitive member 103 is exposed with the exposing
device 105 driven based on an input image information sig-
nal. Thus, an electrostatic latent image (electrostatic image) is
formed on the photosensitive member 103. The electrostatic
latent image formed on the photosensitive member 103, is
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developed by the developing device 106 with toner serving as
a developer. Thus, a toner image is formed on the photosen-
sitive member 103.

An intermediate transfer belt 101 formed of a movable
endless belt (belt member) that serves as an intermediate
transfer member, is disposed to face the photosensitive mem-
bers 103 of the image forming units 109. The intermediate
transfer belt 101 is wound around and supported by a driving
roller 110, a steering roller 1, an upstream roller 113, and a
downstream roller 114, which are a plurality of support roll-
ers. The intermediate transfer belt 101 is rotated, in a direction
indicated by an arrow V in the figure (circulating movement),
by the driving roller 110 being drivingly rotated. Each pri-
mary transfer roller 107 is disposed at positions, on an inner
circumference surface (back surface) of the intermediate
transfer belt 101, facing the corresponding one of the photo-
sensitive members 103. The primary transfer roller 107 is
pressed (biased) toward the photosensitive member 103 with
the intermediate transfer belt 101 in between. Thus, a primary
transfer portion (primary transfer nip portion) T1 is formed at
a portion where the photosensitive member 103 comes into
contact with the intermediate transfer belt 101. A secondary
transfer outer roller 111 serving as a secondary transfer unit
having a roller shape, is disposed, on a side of an outer
circumference surface (front surface) of the intermediate
transfer belt 101, at a position facing the driving roller 110.
The secondary transfer outer roller 111 is pressed (biased)
toward the driving roller (also serving as a secondary transfer
inner roller) 110 with the intermediate transfer belt 101 in
between. Thus, a secondary transfer portion (secondary trans-
fer nip portion) T2 is formed at a portion where the secondary
transfer outer roller 111 comes into contact with the interme-
diate transfer belt 101. A belt cleaner 102 serving as an
intermediate transfer member cleaning unit, is disposed at a
position, on an outer circumference surface side of the inter-
mediate transfer belt 101, facing the steering roller 1. The
support rollers for the intermediate transter belt 101, except
for the driving roller 110, are driven to be rotated by the
rotation of the intermediate transfer belt 101.

The toner image formed on the photosensitive member 103
is transferred onto the intermediate transfer belt 101 at the
primary transfer portion T1, with electrostatic load bias and
predetermined pressing force provided by the primary trans-
fer roller 107 (primary transfer). Toner (primary transfer
remaining toner) remaining on the photosensitive member
103 after the primary transfer is removed and collected from
the photosensitive member 103 by the photosensitive mem-
ber cleaner 108. Then, the photosensitive member 103 is used
for forming the next image.

For example, when a full color image is formed, toner
images of different colors are sequentially laid on top of the
other on the intermediate transfer belt 101 at the primary
transfer portions T1 of the four image forming units 109.
Thus, a multiplexed toner image, for the full color image, is
formed on the intermediate transfer belt 101. The number of
colors, which is four in the present exemplary embodiment, is
not limited to four and the arrangement of the colors is not
limited to the one described above. The image forming pro-
cess for each color in parallel processing by the image form-
ing units 109 is performed at a timing at which the toner
image is laid on the toner image of the upstream color that has
been primarily transferred onto the intermediate transfer belt
101. As a result, the multiplexed toner image for the full color
image is formed on the intermediate transfer belt 101 and then
is conveyed to the secondary transfer portion T2.

The predetermined pressing force and the electrostatic load
bias are applied to the toner image formed on the intermediate



US 9,335,671 B2

5

transfer belt 101, at the secondary transfer portion T2. Thus,
the toner image is transferred onto the recording medium P
(secondary transfer). The recording medium P, on which the
toner image has been transferred, is conveyed to a fixing
device 112. In the present exemplary embodiment, the fixing
device 112, which may employ various configurations and
methods, applies a predetermined pressing force and heat in a
fixing nip portion formed by a fixing roller 1124 and a press-
ing roller 1125 facing each other. Thus, the toner image is
melted and fixed on the recording medium P.

Toner (secondary transfer remaining toner) remaining on
the intermediate transfer belt 101 after the secondary transfer
is removed and collected by the belt cleaner 102 from the
intermediate transfer belt 101. Then, the intermediate transfer
belt 101 is used for forming the next image. In the present
exemplary embodiment, the belt cleaner 102 includes, as a
cleaning member, a cleaning blade 102a formed of a urethane
rubber plate member. The cleaning blade 1024 is disposed at
a position facing the steering roller 1 with the intermediate
transfer belt 101 in between. The cleaning blade 1024 is
disposed while extending in a counter direction relative to a
conveyance direction (rotating direction) of the intermediate
transfer belt 101 and being in contact with the intermediate
transfer belt 101. The toner scraped off from the intermediate
transfer belt 101 by the cleaning blade 1024 is collected in a
cleaner container 1025. The belt cleaner 102 is held by a
mechanism (not illustrated) in such a manner as to integrally
rotate (incline or turn) with the steering roller 1 about a
steering axis line J (FIG. 3) described later. Thus, the belt
cleaner 102 can collect the secondary transfer remaining
toner while maintaining a contact state between the interme-
diate transfer belt 101 and the cleaning blade 1024, even when
the steering roller 1 is inclined.

In the present exemplary embodiment, the cleaning blade
102a has the following settings. Specifically, a setting angle is
25°, abutment pressure is 30 gf/cm, the hardness of the ure-
thane rubber is JIS-A hardness of 75 degrees, and the thick-
ness of the urethane rubber is 2 mm. However, the settings are
not limited to these. The setting angle is represented by an
angle between a tangential direction of the intermediate trans-
fer belt 101 at the portion to be in contact with the cleaning
blade 1024 and a surface of the cleaning blade 102a facing the
intermediate transfer belt 101.

2. Intermediate Transfer Belt

Next, the intermediate transfer belt 101 will be described.
The intermediate transfer belt 101 is a belt member that is
driven for conveyance in the direction indicated by the arrow
V in FIG. 1. The intermediate transfer belt 101 is stretched
among the driving roller 110 serving as a driving member, the
steering roller 1 serving as a belt deviation control member,
the upstream roller 113, and the downstream roller 114 which
are a plurality of support rollers. In the present exemplary
embodiment, the driving roller 110 also has a function as the
secondary transfer inner roller, which is a counterpart of the
secondary transfer outer roller 111. In the present exemplary
embodiment, the steering roller 1 also has a function of a
tension roller that applies predetermined tension to the inter-
mediate transfer belt 101. The steering roller (tension roller)
1 is biased by a tension spring (described below) serving as a
biasing unit in a direction to move the intermediate transfer
belt 101 from an inner circumference side to an outer circum-
ference side. The number of support rollers for the interme-
diate transfer belt 101 is not limited to that in the present
exemplary embodiment. For example, the driving roller and
the secondary transfer inner roller may be separately pro-
vided, and the steering roller and the tension roller may be
separately provided.
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A material of the intermediate transfer belt 101 is, prefer-
ably, a relatively rigid resin such as polyvinylidene difluoride
(PVDF), polyamide, polyimide, polyethylene terephthalate
(PET), and polycarbonate, so that the belt is prevented from
wrinkling while being drivingly rotated. When the interme-
diate transfer belt 101 is too thin, a sufficient durability might
be unachievable due to abrasion. On the other hand, when the
intermediate transfer belt 101 is too thick, the intermediate
transfer belt 101 might fail to appropriately curve at the
driving roller 110, the steering roller 1, the upstream roller
113, and the downstream roller 114, and thus may be recessed
or bent. Thus, the thickness of the intermediate transfer belt
101 is preferably in a range from 0.02 mm to 0.50 mm. In the
present exemplary embodiment, the intermediate transfer belt
101 is a resin belt with a polyimide base layer, and has a
tensile elastic modulus E of 18000 N/cm? and a film thickness
0f 0.08 mm.

In the present exemplary embodiment, the intermediate
transfer belt 101, the support rollers for the intermediate
transfer belt 101, the primary transfer rollers 107Y to 107K,
the belt cleaner 102, and supporting units for these compo-
nents integrally form a belt unit 120. The belt unit 120
includes, as the supporting units, a frame 10 (FIG. 3) that
supports the driving roller 110, the upstream roller 113, the
downstream roller 114, the primary transfer rollers 107Y to
107K, and the like and a supporting base 9 serving as a
supporting unit that supports the steering roller 1 and the like.
The supporting base 9 is rotatably coupled to the frame 10 and
forms a steering mechanism 11 described later. More specifi-
cally, the frame 10 supports at least one of the plurality of
support rollers except for the steering roller 1, and supports
the supporting base 9 described below in detail. The belt unit
120 is detachably attached to an apparatus main body 130 of
the image forming apparatus 100. The belt unit 120 is
detached from the apparatus main body 130 when the inter-
mediate transfer belt 101 is replaced.

3. Separation Mode

Next, a separation mode will be described. FIG. 2 is a
schematic configuration diagram of the image forming appa-
ratus 100 according to the present exemplary embodiment in
a separation mode.

The separation mode is a mode in which the intermediate
transfer belt 101 and the photosensitive member 103 are
separated from each other as illustrated in FIG. 2 when the
image forming operation is not performed, to achieve a longer
service life of the photosensitive member 103 for example.
During the separation mode, the steering roller 1, also serving
as the tension roller, moves in a direction indicated by an
arrow W in the figure (tension direction), so that an extra
length produced in the intermediate transfer belt 101 is
absorbed. The extra length of the intermediate transfer belt
101 directly relates to a larger operation length of the tension
spring. Thus, the tension applied to the intermediate transfer
belt 101 is lower than that during an image forming operation
illustrated in FIG. 1.

The image forming apparatus 100 includes a separating
and contacting mechanism (not illustrated) that switches the
intermediate transfer belt 101 to a first position in contact with
the photosensitive member 103 and a second position sepa-
rated from the photosensitive member 103, by moving the
upstream roller 113 and the primary transfer rollers 107Y to
107K in an upper and lower direction in the figure.

In the present exemplary embodiment, the belt unit 120 is
attached to and detached from the apparatus main body 130 in
the following example of the separation mode. Specifically,
the primary transfer rollers 107 and the intermediate transfer
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belt 101 are separated from the photosensitive members 103
at the positions of all the image forming units 109 (FIG. 2).

In another example of the separation mode in the present
exemplary embodiment, an image can be formed with a
single color of black in a black monochrome mode. In the
black monochrome mode, the primary transfer rollers 107
and the intermediate transfer belt 101 are separated from the
photosensitive members 103 at the positions of the first, the
second, and the third image forming units 109Y, 109M, and
109C. On the other hand, in the black monochrome mode, the
primary transfer roller 107 is in contact with the photosensi-
tive member 103 with the intermediate transfer belt 101 in
between at the position of the fourth image forming unit 109K
(not elaborated in the drawings). The intermediate transfer
belt 101 is driven in this state. Also in this case, the tension
applied to the intermediate transfer belt 101 is smaller than
that in the full color mode illustrated in FIG. 1, in which the
primary transfer rollers 107 are in contact with the photosen-
sitive members 103 with the intermediate transfer belt 101 in
between at the positions of all the image forming units 109, as
in the case illustrated in FIG. 2.

4. Steering Configuration of Intermediate Transfer Belt

FIG. 3 is a perspective view of the steering mechanism
(steering device) 11 serving as a steering unit employing a
belt auto alignment method according to the present exem-
plary embodiment. The steering mechanism 11 corrects
(aligns or offsets) belt deviation with the belt auto alignment
method. The belt deviation is deviation (shifting) from a
target position in a width-wise direction (substantially
orthogonal to the conveyance direction) of the intermediate
transfer belt 101.

The steering mechanism 11 includes the steering roller 1
that is rotatably provided (can incline or turn) to correct the
belt deviation of the intermediate transfer belt 101. The steer-
ing roller 1, which is one of the plurality of support rollers,
corrects the deviation (belt deviation) of the position of the
intermediate transfer belt 101 in the width-wise direction.
The steering mechanism 11 includes sliding ring portions 3
serving as sliding portions (friction portions) disposed at both
end portions of the steering roller 1 in a rotary axis direction.
The steering roller 1 and the sliding ring portions 3 are coaxi-
ally arranged to form a steering member 2. The sliding ring
portion 3 has a slide groove portion 3« fit to a side supporting
member 6, and is biased by a tension spring 5 (compression
spring) serving as an elastic member to slide in a direction
indicated by an arrow P in the figure (direction from the inner
circumference surface side to the outer circumference surface
side of the intermediate transfer belt 101). Thus, the steering
roller 1 also functions as the tension roller that applies the
tension to the inner circumference surface of the intermediate
transfer belt 101.

The side supporting member 6 and a rotating plate 7 form
the supporting base 9 serving as a supporting member that
supports the steering roller 1 and the sliding ring portions 3.
The rotating plate 7 is supported by a frame stay 8 via a
steering shaft 21 as a rotary shaft in such a manner as to be
rotatable about a steering axis line (variable supporting point)
Jin a direction indicated by an arrow S in the figure at a center
portion in a longitudinal direction. As described above, the
supporting base 9 rotatably supports the steering roller 1 in
such a manner as to make the steering roller 1 rotatable about
the steering axis line J at the center portion in the rotary axis
direction.

The frame stay 8 is a member forming the frame (casing)
10 of the belt unit 120. The frame 10 includes the driving
roller 110, the upstream roller 113, the downstream roller
114, and side plates 13 disposed at both end portions on front
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and rear sides in the rotary axis direction of the primary
transfer rollers 107Y to 107K. The frame stay 8 is disposed
across the side plates 13.

FIG. 4 is a partially notched perspective view illustrating
the configuration of a rotation center portion of the supporting
base 9 in detail. The steering shaft 21 serving as the rotary
shaft, is integrally fastened to a center portion of the rotating
plate 7 in the longitudinal direction through caulking. The
steering shaft 21 is inserted in a steering shaft bearing 23
formed in the frame stay 8, and thus is rotatably supported.

FIG. 5 is a perspective view illustrating a portion around
the end portion of the steering roller 1 in the rotary axis
direction in detail. As illustrated in FIG. 5A, the sliding ring
portion 3 may be of a straight type 3A with a uniform outer
diameter in the rotary axis direction ofthe steering roller 1. As
illustrated in FIG. 5B, the sliding ring portion 3 may be of a
tapered type 3B with an outer diameter continuously increas-
ing toward the outer side in the rotary axis direction of the
steering roller 1. A steering roller shaft 30 is fit in and sup-
ported in the sliding ring portion 3 (3A or 3B) in such a
manner as to be driven by the steering roller 1 to rotate. When
the intermediate transfer belt 101 travels, the steering roller is
driven to be rotated without sliding on the inner circumfer-
ence surface of the intermediate transfer belt 101, whereas the
sliding ring portions 3 at both ends slide on the intermediate
transfer belt 101 without being driven to be rotated by the
intermediate transfer belt 101. In the present exemplary
embodiment, the steering roller 1 starts the steering when a
contact area between the sliding ring portion 3 and the inter-
mediate transfer belt 101 increases to be equal to or larger
than a predetermined area in the rotary axis direction of the
steering roller 1. Thus, the sliding ring portions 3 are disposed
adjacent to both end portions of the steering roller 1 in the
rotary axis direction, and can rotate together with the steering
roller 1 about the steering axis line J. The sliding ring portion
3 generates force for rotating the steering roller 1 about the
steering axis line J while sliding on the inner circumference
surface of the intermediate transfer belt 101.

In the present exemplary embodiment, the sliding ring
portion 3 is fixed in such a manner as not to be rotatable in the
rotation direction of the steering roller 1. Alternatively, the
sliding ring portion 3 may be rotatable. However, in such a
case, the steering can be performed only when the torque
required for rotating the sliding ring portion 3 in the rotation
direction of the intermediate transfer belt 101 becomes larger
than the torque required for rotating the steering roller 1 in the
same direction.

In the present exemplary embodiment, the width of the
intermediate transfer belt 101 in the rotary axis direction of
the steering roller 1 is larger than the width of the steering
roller 1 but is smaller than the width between both ends of the
sliding ring portions 3 (steering roller 1+sliding ring portions
3 at both ends). Thus, in an ideal constant alignment state, an
overlapping width w (hatched portion in the figure) between
the intermediate transfer belt 101 and the sliding ring portion
3 is the same between both end portions as illustrated in FIG.
6A. In this state, even if the belt deviation occurs, the inter-
mediate transfer belt 101 slides with the overlapping width w
ensured at one of the sliding ring portions 3 without fail. Thus,
in this state, while the intermediate transfer belt 101 is mov-
ing, at least one of the sliding ring portions 3 constantly slides
on the intermediate transfer belt 101. The width of the inter-
mediate transfer belt 101 smaller than that of the steering
roller 1 as illustrated in FIG. 6B is likely to result in a sudden
alignment operation because the supporting base 9 cannot
rotate without the overlapping width w of the sliding ring
portion 3 even when the belt deviation occurs. As described
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above, it is not impossible in principle to perform belt auto
alignment with friction force balance even with the overlap-
ping width w as illustrated in FIG. 6B. Still, with the over-
lapping width w as illustrated in FIG. 6A, the balance differ-
ence can be constantly detected and thus a more frequent
alignment operation can be performed. Thus, a steering angle
is less likely to largely change over time. For example, in FIG.
6A, when the intermediate transfer belt 101 shifts to the left,
the overlapping width w between the left sliding ring portion
3 and the intermediate transfer belt 101 becomes larger than
that on the right side. Thus, the steering roller 1 rotates in a
counter clockwise direction so that the intermediate transfer
belt 101 is moved toward the right side. When the intermedi-
ate transfer belt 101 shifts to the right in the state illustrated in
FIG. 6A, the operation opposite to that described above is
performed.

In the present exemplary embodiment, the width of the
cleaning blade 102a of the intermediate transfer belt cleaner
102 is smaller than that of the steering roller 1 in the rotary
axis direction of the steering roller 1.

A coefficient of static friction us of the sliding ring portion
3 will be described. When the sliding ring portion 3 has a
tapered shape as illustrated in FIG. 5B, preferably the coef-
ficient of static friction p; of the surface is about 0.3 and the
taper angle @ is preferably about 10°. The coefficient of static
friction p, of the surface of the sliding ring portion 3 is
assumed to be larger than a coefficient of static friction g,
of'the surface ofthe steering roller 1. Inthe present exemplary
embodiment, a slidable resin material such as polyacetal
(POM) is used as a material of the sliding ring portion 3.
Furthermore, the intermediate transfer belt 101 is conductive
to be free of electrostatic problem due to frictional charging
with the intermediate transfer belt 101. When the sliding ring
portion 3 has the straight shape as illustrated in FIG. 5A, the
coefficient of static friction L of the surface is preferably set
to be larger than that in the case of the tapered shape, and thus
is about 0.6.

Next, the coefficient of static friction g, of the steering
roller 1 will be described. In the present exemplary embodi-
ment, aluminum is used as a material of the steering roller 1,
and thus the surface coefficient of static friction [y, is about
0.1. Alternatively, any other material can be used as long as
the coefficient of static friction g, of the surface of the
steering roller 1 is smaller than the coefficient of static friction
1, of the surface of the sliding ring portion 3.

Here, the coefficients of friction of the sliding ring portion
3 and the steering roller 1 are measured with a method of JIS
K7125 plastics-film and sheeting-determination. More spe-
cifically, the measurement is performed with a sheet on the
inner circumference surface of the belt member, which is a
polyimide sheet, which is the sheet on the inner circumfer-
ence surface sheet of the intermediate transfer belt in the
present exemplary embodiment, as a test piece.

5. Inclination Restricting Configuration for Steering Mecha-
nism

Next, an inclination restriction configuration for the steer-
ing mechanism 11 is described. FIGS. 7A and 7B are side
views of the steering mechanism 11 viewed in a direction
indicated by an arrow D in FIG. 3 (direction from the inner
side to the outer side of the frame 10 along the steering axis
line J).

As illustrated in FIGS. 7A and 7B, a protrusion portion 7a
serving as a first engagement portion (supporting member
side engagement portion), formed by bending up the rotating
plate 7, is inserted in a square hole portion 8a serving as a
second engagement portion (frame side engagement portion)
formed in the frame stay 8. A restricting portion 12 for
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restricting the inclination of the steering mechanism 11 is
formed of the protrusion portion 7a and the square hole por-
tion 8a. FIG. 8 is a perspective view illustrating the restricting
portion 12, formed of the protrusion portion 7a and the square
hole portion 8a, in detail. In the present exemplary embodi-
ment, the protrusion portion 7a and the square hole portion 8a
are disposed at corresponding positions (substantially middle
portion) between the steering shaft 21 (steering axis line J)
and one end portion of the frame stay 8 in the longitudinal
direction. The protrusion portion 7a of the rotating plate 7
extends toward the frame stay 8 and is inserted in the square
hole portion 8a. The restricting portion 12 enables the steer-
ing roller 1 to rotate about the steering axis line J for correct-
ing the deviation of the position of the intermediate transfer
belt 101 in the width-wise direction, while restricting the
inclination of the steering roller 1 due to the rotation.

When an inclination angle 6 (°) is 0 in a state where the
rotary axis of the steering roller 1 is substantially horizontal
and —a<6<a (with the clockwise direction in FIG. 7A being
the positive angle direction) hold true, the protrusion portion
7a is not in contact with the square hole portion 8a. Thus, the
steering roller 1 can rotate within this range (referred to as
“steering restricting range”). When 6=q, as shown in FIG.
7B, or —a. holds true, the protrusion portion 7a comes into
contact (engages) with a contact portion 8al or 842 of an
inner side edge portion of the square hole portion 8a, and thus
the steering roller 1 is prevented from inclining to be in a
range of 6<-a. or 6>a..

Here, in the present exemplary embodiment, the angle o (°)
defining the steering restricting range is a range obtained by
adding 0.2° as a predetermined margin angle to a maximum
possible inclination amount of the steering roller 1 required
for the belt auto alignment. Thus, the inclination of the steer-
ing roller 1 can be restricted without affecting the belt auto
alignment.

The inclination of the steering mechanism 11 can be regu-
lated within a predetermined range when the belt unit 120 is
attached to or detached from the apparatus main body 130 in
a state where a low tension is applied to the intermediate
transfer belt 1 as an example of the separation mode described
above. Thus, the steering mechanism 11 can be prevented
from largely inclining and coming into contact with periph-
eral members such as the photosensitive member 103. An
advantageous effect can also be obtained when the interme-
diate transfer belt 101 is driven with a low tension applied to
the intermediate transfer belt 101 in the black monochrome
mode as another example of the separation mode described
above. Thus, also in these cases, the belt auto alignment can
be performed and the steering mechanism 11 can be pre-
vented from largely inclining and coming into contact with
peripheral members such as the photosensitive member 103.
As described above, in the present exemplary embodiment,
the intermediate transfer belt 101 is switched between a first
state (in the full color image forming and the like) of receiving
a first tension and a second state (in the separation mode and
the like) of receiving a second tension smaller than the first
tension. In the first state, the inclination angle 0 of the steering
roller 1 is within the range —a<8<a. but the inclination angle
0 of the steering roller 1 may be 6=zc. in the second state.
However, with the restricting portion 12, the inclination angle
0 of the steering roller 1 is prevented from satistying 6>c. or
0<—a even in the second state.

In the present exemplary embodiment, the maximum pos-
sible inclination amount of the steering roller 1 required for
the belt auto alignment is 1°. In the present exemplary
embodiment, o is set to be 1.2°. However, the angle o defin-
ing the steering restricting range is not limited to that in the
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present exemplary embodiment, and can be appropriately set
in accordance with the configuration of the image forming
apparatus for implementing the present invention. Generally,
the angle a is preferably 5° or smaller (<5°).

In the present exemplary embodiment, the hole portion as
the second engagement portion is the square hole portion. The
shape of the hole portion is not limited to this and may be any
shape such as a circle, an oval, or other polygonal shapes. In
the present exemplary embodiment, the first engagement por-
tion is the protrusion portion and the second engagement
portion is the hole portion. Alternatively, an opposite relation-
ship may be employed in which case the first engagement
portion is the hole portion and the second engagement portion
is the protrusion portion. Instead of the hole portion in which
the protrusion portion can be inserted to be engaged as in the
present exemplary embodiment, a recess portion in which the
protrusion portion can be inserted to be engaged may be
employed as the first engagement portion or the second
engagement portion. The shapes of the first engagement por-
tion and the second engagement portion are not limited to the
protrusion portion and the hole portion (recess portion), as
long as the inclination of the steering mechanism 11 can be
restricted. In the present exemplary embodiment, the first
engagement portion and the second engagement portion are
integrally formed with the supporting member and the frame.
Alternatively, at least one of the engagement portions may be
formed separately from the supporting member and/or the
frame and may be fixed with an appropriate fixing unit.

As described above, in the present exemplary embodiment,
the steering mechanism 11 includes the restricting portion 12
that prevents the steering mechanism 11 from inclining by an
angle outside the angle range for performing the belt auto
alignment. Thus, the belt auto alignment can be performed
and the steering mechanism 11 can be prevented from inclin-
ing and coming into contact with peripheral members such as
the photosensitive member 103 to cause damage by abrasion
or the like, even when a low tension is applied to the inter-
mediate transfer belt 101. When the belt unit 120 is attached
to or detached from the apparatus main body 130 while a low
tension is being applied to the intermediate transfer belt 101,
the steering mechanism 11 can be prevented from inclining
and coming into contact with peripheral members such as the
photosensitive member 103 to cause damage by abrasion or
the like.

Others

The present invention is described above based on a spe-
cific exemplary embodiment. However, the present invention
is not limited to the exemplary embodiment described above.

The present invention can be applied to an image forming
apparatus employing a direct transfer method known in the art
in which a toner image is directly transferred onto a recording
medium conveyed while being carried by a recording
medium bearing member. The image forming apparatus
employing the direct transfer method includes a recording
medium bearing belt formed of an endless belt as the record-
ing medium bearing member, instead of the intermediate
transfer belt in the exemplary embodiment described above.
Toner images formed on the photosensitive members are
sequentially transferred onto the recording medium carried
by the recording medium bearing member at the correspond-
ing transfer portions. The present invention can be also
applied to a belt unit including the recording medium bearing
belt used in such an image forming apparatus, and provide an
effect similar to that in the exemplary embodiment described
above.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
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the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-109578, filed May 27, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A belt unit comprising:

an endless belt configured to be movably supported by a
plurality of support rollers;

a steering roller included in the plurality of support rollers,
and configured to correct a position of the belt in a
width-wise direction by being rotated about a steering
axis line crossing a rotary axis direction of the steering
roller and inclined;

a supporting member configured to support the steering
roller in such a manner that the steering roller is rotatable
about the steering axis line;

a frame configured to support the supporting member;

a pair of non-rotating members disposed at both end por-
tions of the steering roller in the rotary axis direction,
and configured to generate force for rotating the steering
roller about the steering axis line with frictional force
produced by friction on an inner circumference surface
of the belt; and

a restricting portion configured to enable the steering roller
to incline by a maximum possible amount for correcting
the position of the belt in the width-wise direction and to
restrict inclination exceeding the maximum possible
amount.

2. The belt unit according to claim 1, wherein the restrict-
ing portion includes a first engagement portion formed in the
supporting member and a second engagement portion formed
in the frame and is able to engage with the first engagement
portion.

3. The belt unit according to claim 2, wherein the first
engagement portion is a protrusion portion formed in the
supporting member and the second engagement portion is a
hole portion or a recess portion, in which the protrusion
portion is inserted, formed in the frame, or the second engage-
ment portion is a protrusion portion formed in the frame and
the first engagement portion is a hole portion or a recess
portion, in which the protrusion portion is inserted, formed in
the supporting member.

4. The belt unit according to claim 3, wherein the first
engagement portion and the second engagement portion do
not come into contact with each other when an angle 6 of the
inclination is within a range —a<6<qa, and come into contact
with each other when the angle 6 of the inclination is 6=xa.to
prevent the angle 0 of the inclination from being 6> or
0<-a.

5. The belt unit according to claim 4, wherein the angle o
satisfies a<<5°.

6. The belt unit according to claim 4,

wherein the belt is switched between a first state in which
a first tension is applied and a second state in which a
second tension smaller than the first tension is applied,
and

wherein the angle 6 of the inclination is within the range
—-0<0<a. in the first state, and is able to be 6= in the
second state.

7. The belt unit according to claim 6,

wherein the belt unit is detachably attached to an apparatus
main body of an image forming apparatus configured to
form a toner image on the belt or on a recording medium
conveyed by the belt, and
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wherein the belt is in the second state when the belt unit is
attached to or detached from the apparatus main body.

8. The belt unit according to claim 6, wherein the belt is

able to drive in the second state.

9. An image forming apparatus comprising: 5

the belt unit according to claim 1; and

a toner image forming unit configured to form a toner
image on the belt or on a recording medium conveyed by
the belt.
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